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CHAPTER 1. GENERAL INTRODUCTION 
Thesis Organization 
Soybeans are one of the world's major sources of oil and protein, and one of the 
primary crops grown in Iowa. Management of the soybean crop for maximum production of 
economically important products is a key component to securing Iowa's future as a source 
for high quality soybeans and soybean products. This thesis focuses on how soybeans grown 
in central Iowa will react to planting date variations both physically and biologically. The 
capacity to simulate these reactions is also examined. 
This thesis is composed of three manuscripts focusing on the growth and 
development of soybeans in central Iowa. The first manuscript is an overview of yield and 
quality factors of soybean seed and how planting date impacts those factors. The second 
manuscript in the series deals with how the oil and protein levels accumulate within the seed 
during the reproductive life cycle of the soybean plant. The final paper in the series focuses 
on simulating the biomass accumulation and allocation in soybeans grown in central Iowa 
using a crop growth model. The final chapter is a general overview of the conclusions in the 
manuscripts and future projects for research related to this project. 
The first paper in the series focuses on the production of mature seeds and their 
characteristics. The grain yield of a soybean crop is a factor that is of high importance to the 
Iowa farmer. The ability of several soybean cultivars that are adapted to central Iowa to adapt 
to varying sowing dates is examined. The cultivars chosen for the study cover a range of 
plant characteristics for Iowa adapted soybeans. 
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The cultivars chosen varied in plant height, leaf size seed size, and seed oil and 
protein content. Planting dates spanning 40 days were used to accommodate the range of 
planting dates used in central Iowa. Plant growth patterns were recorded to gauge the 
reaction of each cultivar to the planting dates used. Mature seeds were analyzed for oil and 
protein production. The ability to manage soybeans for the content of the seed may become 
important to individual farmers in the future. Knowledge of soybean behavior in reaction to 
planting date under field conditions will be valuable. 
The second paper in the series focuses on how each soybean cultivar achieves the 
final levels of protein and oil in the mature seed. The cultivars used in the study vary in their 
capacity to produce oil and protein in their seeds. The rate of accumulation and final content 
of the seed can be impacted by the date of sowing. Weather conditions playa large role in the 
biology of the seed from fertilization to maturity. While the weather conditions during seed 
fill cannot be controlled, altering the sowing date can provide a means to accommodate 
potential late season weather. 
The third paper in the series focuses on the ability of current crop modeling software 
simulate the plant and seed growth characteristics of the cultivars used in this study. Crop 
modeling is a valuable tool for making agricultural decisions. The model must be robust 
enough to accommodate the range of soybean genotypes used in central Iowa and their 
reaction to sowing date variation if the model is to be of use for soybean management. The 
model must also simulate the life processes of the plant without major calibration needs for 
every variation in growing conditions. 
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CHAPTER 2. SEED YIELD AND COMPOSITION OF SOYBEAN ALTERED BY 
PLANTING DATE 
A paper to be submitted to the Journal of Crop Science 
E.D. Argotsinger and M.E. Westgate 
Agronomy Department, Iowa State University, Ames, Iowa 50011-1010 
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Abstract 
Farmers are interested in maximizing returns on investment in their farming 
operations. One management strategy available to farmers is selection of planting date. 
Interest in early planting of soybeans (Glycine max L.) has necessitated research into the 
effects of early sowing upon seed number and size development, and the composition of the 
harvested seeds. The objective of this research was to determine how planting date affected 
the capacity for seed formation and deposition of seed reserves. Three locally adapted 
varieties varying in seed size and protein percentage were planted on three dates from late 
April to early June to assess the interaction between genetically determined seed 
characteristics and environmental conditions during seed formation and development. Yield 
data for two years indicate plant seed number and yield response to earlier planting are 
determined primarily by genotype. Oil and protein content of the seed was determined 
primarily by plant genetics, but early planting decreased protein content and increased oil 
content. Planting in mid May maximized protein content in both years. Oil content tended to 
decrease as planting date was delayed from April to June in 2001, but plants sown in June 
2000 were exposed to unusually hot and dry weather conditions during the seed fill which 
accelerated reproductive development and decreased protein content significantly. These 
results indicate that early planting of soybean can be advantageous for maximizing yield. 
Planting after mid May can result in decreases in seed numbers and unpredictable changes in 
seed composition. 
Introduction 
Agricultural practice in Iowa has traditionally delayed soybean (Glycine max L.) 
sowing in favor of maize seeding and tillage operations. Machinery and labor limitations, in 
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addition to awell-documented planting date response in maize, have relegated soybean 
seeding to a lower priority. Previous roadblocks to earlier seeding of soybean are being 
overcome. Advances in machinery and weed control strategies allow the simultaneous 
seeding of both corn and soybeans at earlier than customary planting dates. The need for 
higher and more reliable yields has induced a strategy change to promote seeding soybean at 
earlier than traditional dates (Gander and Butzen, 2002). 
Producers in the southern U.S. utilize early seeding practices to take advantage of 
favorable weather conditions prior to seasonal drought (Kane et al., 1997). Using early 
sowing and early maturing cultivars can result in yields comparable to traditional production, 
with less ri sk of late season stress. Computer modeling simulations have indicated that earlier 
planting under a climate altered by global warming will promote higher yields by allowing 
plants to utilize high solar radiation levels during the month of June (Sinclair and Rawlins, 
1993). Other planting strategies promote using early maturing cultivars in late plantings 
forced by adouble-cropping planting scheme to escape unfavorable weather conditions 
during seed set (Egli and Bruening, 2000). This research is also relevant to Iowa producers 
that use the entire growing season with locally adapted varieties. 
Soybeans are a valuable crop primarily because of the oil and protein contained in the 
seeds (Leffel, 1990). Changes in grain marketing practice will allow the commercial trade of 
soybeans on the basis of seed oil and protein content (Leffel, 1990). The content of the seeds 
produced in Iowa has a direct impact upon the value of the grain on the world market and 
even within the United States by attracting premium prices for high oil and protein content 
(Hurburgh 2002). 
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Genetics is a primary factor controlling seed oil and protein content, and the planting 
date might influence the oil and protein content of the soybeans produced (Westgate et al, 
2000). The reason that the planting date may influence seed oil and protein content is that 
planting date can alter the time of the year when seed filling occurs. The weather during seed 
filling can influence the content of oil and protein (Vollman et al., 2000). Higher mean daily 
temperatures during seed fill lead to greater protein content and lower oil production (Gibson 
and Mullen, 1996). Altering the planting date can modify the weather conditions the soybean 
will be exposed to during reproductive development when protein and oil levels are being 
established. To take advantage of these opportunities, Iowa farmers must have information 
on how cultural practices affect oil or protein content. Thus, altering the planting date of the 
soybeans may be a strategy that farmers can employ to take advantage of market demands for 
oil or protein. 
There are a great number of markets for soybeans and soybean products, and some of 
these markets demand specialized soybean lines. For this study we selected a large seeded, 
high protein variety suitable for tofu production, a medium seeded variety typical of Iowa 
soybeans, and a smaller seeded variety. We investigated the impact of manipulating the 
weather conditions during seed fill by using different planting dates on the oil, protein, and 
seed yields ultimately produced. The current understanding about the impact of early season 
vegetative plant growth leads us to believe that larger plants with higher leaf area will 
produce greater yields (Bullock 1998). Previous research has focused upon row spacing as a 
means to achieve larger plants at the onset of reproductive growth. Planting date is another 
strategy that we are investigating as a means of increasing seed yield and altering seed 
content. Our hypothesis is that planting soybean early in the growing season will potentiate 
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the plants for optimum yield and high oil content, while planting delayed to early June will 
have lower yield and higher protein content. 
Materials and Methods 
Three soybean varieties were selected for these trials; IA 2034, IA 203 8, and PB 
2120. IA 2034 is a tall tofu-type variety that produces large seed with high protein content. 
IA 203 8 is a medium-tall variety with medium sized seeds and high oil content typical of 
commercial soybeans in Iowa. PB 2120 is a shorter variety that produces small seeds with a 
protein and oil content that is typical of the soybeans in Iowa. The experiment was conducted 
at Iowa State University's Bruner Farm near Ames, Iowa. Three seeding dates in 2000 were 
27 April, 11 May, and 6 June. In 2001 the seeding dates were 28 April, 15 May, and 8 June. 
These dates were selected to encompass the range of the agronomically acceptable soybean 
planting season in Iowa. Seeds were sown at 22 seeds m 2. Plot size was 15.25 m of four 
rows on 0.76m2 spacing. Each planting was replicated three times, using a randomized block 
design. Fertility was maintained at Iowa State University recommended levels and weeds and 
insects were controlled using standard agronomic practice. 
Plant samples were collected on a weekly basis until the beginning of flowering, plant 
growth stage R1 (Bullock 1998). After stage Rl, plant samples were collected on a bi-weekly 
basis. The whole plants were cut at ground level from 0.76m2 of the center two rows of each 
plot and transported in to the lab in refrigerated containers and partitioned into stems, 
cotyledons, unifoliate leaves, trifoliate leaves, pods, and seeds. Final harvest yield 
measurements were taken from a 4.62 m2 section from the center of the plot after the seeds 
had reached approximately 15%moisture. Leaf area index was measured on fresh leaves 
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using a LI-COR 3100 Area Meter (LI-COR, Inc., Lincoln, NE). Seed pods per plant and 
seeds per pod were counted. The seeds were then packaged and dried separately, and 
weighed after drying. A pod was counted if it reached 1-cm in length. 
Oil and protein content of seeds in the final harvest sample was measured using Near 
Infrared Reflectance (NIR) analysis at the Grain Quality Lab at Iowa State University. Data 
were analyzed using the Proc Mixed procedure of the SAS version 8 statistical package 
(SAS, 2000), and graphs were generated using Sigmaplot. Temperature and rainfall data 
were collected by the Agronomy Farm weather station located 3.2km west of the Bruner 
Farm. 
Results and Discussion 
Weather conditions 
Weather conditions for the two years of the study differed markedly (Fig. 1). The 
2000 growing season was warmer than normal, especially April and May. Daily maximum 
temperatures during May were up to 10° C higher than average. Growing degree units 
accumulated rapidly in May and were 67 growing degree-day units above average for the 
first and second plantings (data not shown). The 2001 growing season was up to 10° C cooler 
than average from day 140 to day 160. The lower than average temperatures during seedling 
development for the April and May plantings resulted in delayed development rate (Figure 
2). 
Precipitation was limited early in the 2000-growing season, with only two 
precipitation events exceeding 1-cm between day 100 and day 150 (Fig.l). Low rainfall 
totals during vegetative growth in mid to late summer 2000 reduced yield. There were only 
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two rainfall events over 1-cm after Julian day 200 in 2000 (Fig.l). Rainfall events late in the 
growing season, during seed fill, can have a significant impact upon seed yield (Bowers et 
al., 2000). The 2001 growing season was marked with higher levels of precipitation as 
compared to 2000. In 2001 there were three well-spaced rainfall events over 1 cm between 
the seed set and filling period of Julian day 200 and 250, and two other rainfall events that 
were just under 1 cm (Fig 1). 
Conditions that will cause plant stress, such as low available moisture and 
unfavorable temperatures, can combine with delayed flowering to reduce yield. Early 
reproductive stress on plants can have negative impacts upon yield (Board and Haxville, 
1998). There were only 13 days between Rl and R3 for the June 2000 planting date (Table 
2). All other plantings had 24-30 days between Rl and R3. These plants had high growth 
rates and leaf area accumulation rates, but the plants had the lowest seed numbers in 2000. 
Most literature indicates that plants with high growth rates during reproductive growth will 
have superior yield (Vega et al, 2001). The demand placed upon plants with a high growth 
rate by rapid progression through reproductive phases may exceed the capacity of the plant to 
provide for the seeds. This restricted time interval for seed set combined with high demands 
for photosynthate to support leaf area expansion and newly formed seed pods can limit the 
number of seeds that the plant can set. 
Yield and Yield Components 
The year that the experiment was conducted had the most signi~ cant impact on grain 
yield at the .O1 confidence level. Planting date and the year*planting date interaction were 
also significant at .OS confidence. The effect of variety on yield was not statistically 
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significant. The variety*planting date interaction was significant at only .16 confidence, but 
the interaction can be observed in the yield graphs for each variety (Fig 3). 
The most important factor in the soybean grain yields observed for 2000 and 2001 
was the year the test was conducted. The greatest difference in the experimental conditions 
for the two years was the weather. The higher temperatures and lower precipitation of the 
2000 growing season can observed in Figure 1. These conditions influence the ability of the 
plant to reach optimal leaf area needed for photosynthesis. The LAI achieved by all planting 
dates in 2000 was inferior to the LAI achieved by all planting dates in 2001 (Fig 2). The peak 
leaf area achieved by all three genotypes in 2000 is significantly lower than the maximum 
leaf area achieved in 2001. The LAI that was achieved in 2000 was also senesced sooner than 
in 2001 (Fig 2). 
The planting date and year*planting date effects on yield were the second most 
important factors significant at .OS level of confidence. The LAI graphs and yield graphs for 
the three genotypes utilized are again illustrative of the stress conditions faced by each 
planting date, especially in the 2000-growing season. The most obvious example of this is the 
June planting date for both years. Information from these graphs can be used to determine 
why the seed yields from the June 2000 planting were poorer than for June 2001. The high 
temperature and low rainfall weather conditions that the plants were exposed to during 
reproductive growth likely explain the poor yields of the June 2000 planting for all 
genotypes. These plants exhibited a lower LAI expansion rate and spent fewer days at high 
LAI levels, as compared to 2001 (Fig. 2). In soybean, many of the reproductive stages are 
coincidental with the completion of vegetative development (Egli and Zhen-wen, 1991). If 
the amount of time available for plant development were restricted, the primary reproductive 
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stages may overlap into earlier vegetative development stages at this latitude (Egli and Zhen- 
wen, 1991). The amount of time dedicated to early reproductive development in the June 
2000 planting is restricted to 127 Growing Degree Units, as compared to 381 GDU in 2001 
(Table 2). Factors such as this that limit flowering and seed set must be overcome to increase 
yield (Hansen and Shibles, 1978). 
There were also differences in plant size at the initiation of flowering. In 2000, April 
seeded soybeans were at vegetative growth stage 7 (V7) to V8 when flowering initiated. June 
plants were at growth stage V6 at first flower, 15 days later (data not shown). The compound 
demands of high vegetative growth, restricted reproductive development time, and divided 
priority between these demands combined to reduce the yield of the June 2001 planting 
regardless of variety. This effect has been suggested as important in the development of yield 
in soybean (Egli et al., 1985). Planting dates other than the June 2000 planting reflect an
advantage to late April or mid-May planting dates. These results are consistent with those 
found in 26 years of research in northeast Iowa, demonstrating a yield advantage to mid-May 
planting dates (Pecinovsky and Benson, 2001). 
The leaf area achieved in the June 2000 planting was senesced 20 days sooner than 
the June planting in 2001. While the accumulation of leaf area is important for interception of 
sunlight and its conversion into more leaf area and grain yield, the retention of that leaf area 
late in the growing season is also important to yield formation. Soybean plants that are 
unable to maintain seed growth rates by current photosynthetic accumulation will draw 
resources from available structures such as leaves, causing decreased photosynthetic capacity 
and early leaf senescence. Leaf area at growth stage R6 and yield are closely correlated 
(Kumudini et al., 2002). 
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The planting date and year*planting date effect for planting dates other than June 
2000 exhibited yield patterns that are unique to each variety. In fact, the year*planting 
date*variety interaction is not statistically significant. This maybe due to the unique manner 
in which each variety responds to planting date. Research on near-isolinic soybean varieties 
reveal that relatively small changes in the genetics of the plant, in this case determinate or 
indeterminate flowering, can affect yield response to planting date (Robinson and Wilcox, 
1998). In that case, determinate soybeans were less sensitive to planting date than 
indeterminate isolines. In our data the variety IA 2034 demonstrates consistent yields across 
years and planting dates, when the June 2000 planting date is excluded. The variety IA 203 8 
reacts favorably to early planting. Yield consistently decreased as planting was delayed from 
late April to early June. This occurred in both years that the experiment was conducted. 
These results are similar to those obtained by Oplinger and Philbrook, (1992) in a Wisconsin 
planting date study. The variety PB 2120 produced the highest yields in the May planting 
date for both 2000 and 2001. The data indicate that soybeans that are within the same 
maturity group do not react to planting date in a similar manner. 
The two components that make up grain yield are the number of seeds produced per 
m 2 and the size of those seeds. When seed size and seed population are graphed together each 
variety separates into a cluster (Figures 3 and 4). It is striking how the seed number data 
closely follows the yield data for the same time period. Significant variation in seed number 
occurred between years and planting dates within each genotype (Fig 3), with a smaller 
degree of variation in individual seed weight (Fig 4). Seed number is the critical component 
when determining seed yield. This is consistent with results reported by Egli and Zhen-wen 
(1991) and plant defoliation study results from Board and Tan (1995) that demonstrate that 
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seed number, not seed size, is the most important component of yield. The response of IA 
2034 to the high temperatures and low rainfall under a later than ideal June planting date was 
to maintain seed size and lower seed numbers. Under the favorable conditions of 2001, seed 
number was constant for each genotype, while seed size increased. Board et al., (1999) 
contend that seed numbers can be increased without negative effects upon seed size. The 
results from IA 2034 are consistent with that assertation. The variety PB 2120 exhibited large 
changes in seed numbers that determined final yield. As with grain yield, seed numbers 
changes are sensitive to year, variety, planting date, and year*variety*planting date 
interactions. 
The seed number produced per unit area was the primary factor impacting yield in 
this particular experiment. Understanding why the seed number produced per unit area in the 
June 2000 planted soybeans was reduced is important if these causes are to be managed. The 
LAI data in Figure 2 indicate that maximum leaf area was lower in 2000 than in 2001 for all 
planting dates, but this was especially true for the June planting. Egli and Bruening (2000) 
determined that soybeans planted early in the growing season are associated with higher seed 
numbers, greater yields, a longer period of flowering, and greater LAI available to supply 
those flowers that set pods with photosynthate are responsible for this effect. Planting date 
studies by Cregan and Hartwig (1984) in Stoneville, Mississippi revealed that soybeans of 
Group IV-VII flowered 30 to 32 days after emergence, regardless of planting date form April 
10 to June 20. This result implies a juvenile stage in the soybean life cycle. Planting in late 
April allows the soybean to progress through the juvenile phase of growth and initiate 
flowering as soon as possible in the season with the largest leaf area possible to supply 
photosynthate to the reproductive structures. If planting is delayed, initiation of reproductive 
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growth will be based upon photoperiod x temperature interaction only after the plant juvenile 
period is completed. The plant placed under the conditions of late planting will be smaller at 
the initiation of reproductive growth, and the reproductive and vegetative growth of the plant 
may compete for available resources. Plants sown in June 2000 were at growth stage V6 at 
first flower, 15 days later than April 2000 sown plants at stage V7 or V8 (Data not shown). 
Vegetative and reproductive growth occurs concurrently at Iowa latitudes. Expending energy 
on many assorted photosynthate sinks in a shortened amount of time can be detrimental to 
yield formation. Under the weather conditions of the 2001 growing season that did not inhibit 
plant growth later in the season, delayed flowering in the June 2001 planting would not be a 
critical problem. Plants sown late in 2000, however, had a restricted amount of time spent in 
pod initiation, with visible impacts upon yield (Table 2). 
Early reproductive growth is critical for initiation of maximal numbers of pods. 
Research conducted by Board and Tan (1995) concluded that defoliation stress imposed in 
the R1 to R3 stages reduces pod initiation. Other data from Board and Tan (1995) indicated 
that pod abortion in soybean occurs at approximately the same rate in all defoliation 
treatments, with pod abortion occurring at 0.73 to 1.15 pods per node from maximum pod 
number to final pod number. Thus, promoting high pod initiation rates is critical to high yield 
formation. 
There were minor fluctuations in the individual seed weight that had an impact upon 
yield. Variety was the most significant factor impacting seed size with a .O1 confidence level, 
although the year and year*planting date effects are also significant. All three varieties tested 
demonstrate a tendency to increase individual seed size as planting date was delayed in 2001 
(Fig 5). The seed size results for the June 2000 planting date indicate a decrease in seed size, 
15 
except for genotype IA 203 8. The 2000 weather conditions of fewer significant rainfall 
events and higher than normal temperatures contributed to higher levels of plant stress and 
lower mature seed size. 
Seed Oil and Protein 
There was significant variation between the varieties tested based upon oil and 
protein content. Variety was the most significant factor affecting oil and protein content, 
more significant than planting date or year effects. The high protein genotype IA 2034 
consistently produced the highest protein and the lowest oil levels (Fig 6). Varieties IA 203 8 
and PB 2120 had higher levels of oil and lower protein content relative to IA 2034. These 
results indicate that the genetic potential of the plant was not masked by weather conditions 
or planting date. This genetic effect was consistent even during the unusually warm and dry 
weather conditions experienced by the June 2000 planted soybeans during seed fill. V~►Thile 
the June 2000 planted soybeans exhibited lower seed protein content and conversely higher 
oil content than seen in June 2001, the protein levels of IA 2034 were still higher than IA 
203 8 and PB 2120. 
While not as large as the variety effect, the planting date, year and year*planting date 
effect were important for protein content, year*planting date was significant to oil content. 
The year and planting date effects reflect the weather plants were exposed to during seed fill. 
This was particularly evident for the June 2000 planting date. The literature indicates 
temperature is a primary factor determining the final ratio of oil to protein in the seed. From 
Julian day 251 to 259 during the R6-R7 seed filling period, air temperatures were up to 36° 
C, which is 11 ° C above average. Seeds from the June 2000 planting date had lower protein 
and higher oil content than any other planting date in 2000 or 2001. Dornbos and Mullen 
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(1992) reported that high temperatures during seed fill results in higher seed protein levels; 
water stress has the same effects. Vollman et al. (2000) demonstrated that low seed protein 
content and higher oil content is related to low air temperature during the growing season. 
The seeds from the June 2000 planting were exposed to much higher than average 
temperatures during the seed fill period, and yet produced lower protein and higher oil 
content than expected. The behavior of this genotype runs contrary to what is expected from 
the literature, and is explored below. 
One of the factors controlling the protein content of the seed is the amount of nitrogen 
available to the developing seeds. Seed N content is the suxn of the N accumulated from soil 
sources and fixed by symbiotic activity during the seed filling period and the N remobilized 
from plant structures to the seed during seed development (Kumudini et al., 2002). If the 
plant is restricted in the amount of nitrogen accumulated before leaf senescence, then seed 
protein content maybe restricted. The accumulation of nitrogen during the seed filling period 
is critical to the total amount of nitrogen contained in the plant at maturity (Kumudini et al 
2002). LAI for the June 2000 planting decreased sooner in the growing season than in 2001 
(Fig 6). Time available for seed fill and maturation was cut short. This reduction in LAI 
earlier than seen in 2001 may have reduced the time during which seed nitrogen is 
accumulated. The short duration of seed filling and early leaf senescence maybe due to the 
lack of soil moisture available to the June 2000 planting. According to Kumudini et al 
(2002), remobilizing the nitrogen contained in the leaves for seed use is not as important as 
maintaining leaf N for the continued photosynthesis of the leaves. Current photosynthesis 
drives current nitrogen fixation, which is the source of higher protein content and yield in 
modern soybean varieties (Kumudini et a12002). It is likely that the June 2001 planting 
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realized higher seed protein because they continued photosynthesis later in the growing 
season than did those planted in June 2000. 
Seed oil accumulation is not directly dependant upon nitrogen fixation. Protein and 
oil production both require acetyl-CoA as a source of carbon skeletons (Heldt, 1997). If the 
nitrogen needed for protein production were not available to consume acetyl-CoA for amino 
acid synthesis, it is possible that the substrate will be available for the production of other 
compounds such as seed lipids that do not contain nitrogen. 
Conclusion 
The strategy selected for the management of soybeans grown in central Iowa is highly 
dependant upon the specific goals of the producer, willingness to assume production risk, and 
soybean variety selected for use. There is no single recommendation that can be issued to all 
producers as effective for their specific situation. The nature of most soybean production in 
central Iowa is for commercial sale and eventual conversion into soybean oil and meal 
components. Marketing of these soybeans is on a volume basis. Maximum yield per acre is 
the goal of this system, with little thought as to the content of the soybeans produced. 
Relative to this production goal, the yield response to planting date is the most important 
information from this experiment. Our data indicate that maximum yield is obtained for late 
April to mid May planting date. There was also yield variation among genotypes with respect 
to planting date. Therefore selecting varieties that respond well to early planting for use in 
late April plantings, and switching to varieties of the same maturity group that are best suited 
to mid May planting dates is an excellent strategy for soy producers. 
18 
Management for higher protein or oil content in a selected variety can be difficult, as 
the specific weather conditions during seed fill are critical to the balance of oil and protein 
produced. General trends in genotype behavior could be discerned from the three varieties 
used in this experiment. Planting date had a significant effect on oil and protein content 
contained in the seed. In general, early planting favored high seed oil content, while later 
planting promotes higher seed protein content. Extreme weather conditions during seed fill 
that negatively impact plant development can have a tremendous impact upon the amount of 
seed protein. This makes delayed seeding for higher seed protein content a risky strategy. 
The potential risk was evident in the protein content for soybeans planted in June 2000, 
where protein content was well below that of other years and planting dates. Specialty seed 
producers attempting to maximize seed protein should keep this in mind while determining 
an optimum planting strategy. 
While oil content is secondary to protein as a seed product, it adds significant value to 
the seed, and could play a larger role in the future. Variation in seed oil content is generally 
inversely proportional to protein content. As such, management for high protein will likely 
come at the expense of oil content. If high oil content is the goal, early planting is best suited 
to that end. The high seed oil content of the June 2000 planting was due to unusually warm 
and dry weather conditions during seed fill. Such conditions cannot be relied upon to occur at 
precisely the time needed to affect seed metabolism in favor of oil accumulation. 
Management for maximum yield is not as simple as management for seed oil and 
protein content. The reaction of different varieties to planting date is not consistent, even 
though they maybe of the same maturity. There was a significant planting date*variety effect 
on yield for the three varieties tested in this experiment. IA 2034 tended to produce stable 
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yields across a range of planting dates. IA 2038 responds positively to early planting and 
should be managed to take advantage of that characteristic. PB 2120 is an excellent candidate 
for mid-May planting. Early June planting does not always decrease yields in some 
genotypes, but purposely employing this strategy is risky. Unforeseeable weather conditions 
can make difference between a successful early June seeding and a poor final yield, even in 
stable yielding varieties. Thus sowing soybean by mid-May is a sound management strategy; 
seeding in late April may be beneficial if seed protein content is not important. 
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Fig 1. Temperature and rainfall data for the 2000-2001 growing season. Data collected at the 
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Fig. 2. Leaf Area Index during the 2000 and 2001 growing seasons. Data presented are mean 
and standard error of three replicated plots. 
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Fig 3. Yield response of three soybean varieties to planting in late April, mid May, and early 
June in 2000 and 2001. Grain yield was collected by hand from a 4.62 m2 section of the 
center of each plot. Data presented are the mean +/- standard error of three replicated plots. 
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Mean Square F Value Pr > F 
7252.6916 3.14 0.0024 
2309.5541 



















0.91 0.413 8 
1.74 0.1642 
1.49 0.2274 
Table 1. Statistical analysis of year, planting date, and variety impact upon grain yield. 
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April May June April May June 
522 444 489 438 443 437 
323 335 127 378 359 381 
616 609 608 606 545 438 
Table 2. Growing degree unit accumulation for vegetative and reproductive stages of 
soybean plants. Base temperatures for GDU calculation were 10° C min and 30° C max. 
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Fig. 4 Response of seed number to planting date in late April, mid May, and early June 2000 
and 2001. Data presented are the mean +/- standard error of three replicated plots. 















3 3 2392544.167 
50 7821501.366 







Mean Square F Value Pr > F 
319350.423 4.40 0.0001 
72501.338 
Mean Square F Value Pr > F 












Table 3. Experimental effects on the formation of seed numbers. 
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Fig. 5. Response of seed size to planting in late April, mid May, and early June in 2000 and 
2001. Data are the average +/- standard error for three replicated plots. 

















DF Type I SS 
1 843.0683 8 
2 127.3 8042 




Mean Square F Value Pr > F 
1281.80974 19.21 <.0001 
66.74058 

















2000-2001 Mature Seed Oil Content 
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Figure 6 Protein and Oil content of mature seeds from the 2000 and 2001 growing season as 
determined by NIR. Data are the mean and standard error of three replicated plots. 











DF Type I S S 
year 1 
planting date 2 
year*planting date 2 
variety 2 
year*variety 2 









Mean Square F Value Pr > F 
4.8 0407151 23.5 3 <. 0001 
0.20414141 
Mean Square F Value Pr > F 
0.64389774 3.15 0.0850 
0.51469034 2.52 0.0957 
5.46060752 26.75 <.0001 
33.77180236 165.43 <.0001 
0.443 82201 2.17 0.1297 
0.08611954 0.42 0.7917 
0.07474883 0.37 0.8309 
Table 5. Experimental effects upon mature seed oil content 
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Mean Square F Value Pr > F 
11.8625260 15.82 <.0001 
0.7497980 
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Fig 7 Oil and Protein interaction with yield. Three genotypes and two growing seasons are 
represented. Data points are results of individual plots yield, oil, and protein content. 
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CHAPTER 3. PROTEIN, OIL, AND STARCH ACCUMULATION IN SOYBEAN 
SEEDS VARIES WITH PLANTING DATE 
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Abstract 
The protein and oil content of mature soybean (Glycine max L.) seeds can vary with 
the weather conditions during seed fill. The planting date of the soybean influences the 
timing of plant reproductive stages during the calendar year. This can dictate the weather that 
the plant is exposed to during critical reproductive stages. The purpose of this experiment 
was to determine how altering the date of planting influences the accumulation of these 
components in developing seeds. Three planting dates in late April, mid May, and early June 
were selected to encompass the range of soybean planting dates in central Iowa. The three 
genotypes selected for this experiment represented a range of mature seed protein and oil 
contents, and plant growth habits. Plants were sampled bi-weekly from flowering until 
maturity. Leaf nitrogen, seed protein and non protein nitrogen, seed oil, and seed starch 
content were analyzed using standard laboratory techniques on oven dried tissues. Seed 
protein content increased rapidly during seed fill and continued to increase until seed 
maturity. Non-protein nitrogen concentration decreased as seeds expanded and reached 
maturity. High nitrogen content in the leaves during later stages of seed fill was correlated 
with higher seed nitrogen content at maturity. Seed protein content at maturity varied 
significantly with genotype. Seed oil concentration was established during the middle of seed 
development. Variety was the most critical factor controlling mature seed oil content. 
Planting date was also an important factor in mature seed protein and oil content. The starch 
levels were highest during the middle of seed development and decreased rapidly as the seeds 
matured. The timing of peak starch content was influenced by planting date. 
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Introduction 
Soybean seeds (Glycine max L.) are composed of numerous economically valuable 
components, but are valued primarily for their protein and oil content (Leffel, 1990). These 
seed components will vary in their percentage of final seed weight due to a wide range of 
factors, including genetics, soil chemistry, and weather (Westgate et al., 2000). 
All of these factors have an impact on soybean development, and all vary in their adaptability 
to management. Understanding he response of these economically important seed 
components to management factors such as planting date or variety selection may provide 
more reliable and economically important crop management strategies to farmers. 
Protein is an important component of soybean yield that is affected by the growing 
conditions from flowering to maturity (Gibson and Mullen, 1996). Altering the planting date 
alters the time of the year, and therefore the weather conditions, during which the critical 
seed filling period will occur. Timing of seed fill, even for pods initiated at different times on 
the same plant, has been identified as an important factor in the level of protein contained in 
the seed (Gbikpi and Crookston, 1981). We utilized three genotypes of different growth 
habit, seed size, and seed protein content to determine how oil and protein levels would 
fluctuate in response to planting date. Leaf area of the plant was measured during the 
growing season, and leaf nitrogen content was measured during seed fill. Protein and non-
protein nitrogen accumulation in the seed was monitored, as well as oil accumulation and 
starch content. We anticipate that identification of precisely how oil and protein 
accumulation patterns in the seed are altered by planting date and weather conditions will 
allow us to make informed decisions in management for these traits. 
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Materials and Methods 
Three soybean genotypes were selected for these trials, based upon seed and plant 
characteristics. IA 2034 is a tall tofu-type variety that produces large seeds with high protein 
content. IA 203 8 is a medium-tall variety that produces medium sized seeds with moderate 
seed protein content. PB 2120 is a shorter plant that produces smaller seeds with protein 
content typical of soybeans grown in Iowa. All experiments were conducted at the Bruner 
Farm near Ames, Iowa. The three planting dates in 2000 were 27 April, 11 May, and 6 June. 
In 2001, the planting dates were 28 April, 14 May, and 8 June. These planting dates were 
selected to represent the range of agronomically acceptable planting dates in Iowa. Plot size 
was 15.25 m of four rows on 0.76 m spacing between rows. Each planting was replicated 3 
times, utilizing a randomized block design. Fertility was maintained at Iowa State University 
recommended levels and weeds and insects were controlled using standard agronomic 
practices. 
Plant leaf area was measured on a weekly basis until the beginning of flowering (R1), 
and on a bi-weekly basis thereafter. The whole plant samples were collected from 0.76 m2 of 
the center two rows of each plot and transported to the lab in humidified bags on ice and 
partitioned into stems, leaves, pods, and seeds. Seeds were extracted from pods when they 
reached approximately 2 mm in length. Plant sub-parts were dried in circulating air oven at 
70° C for 48 hours and weighed. 
Oven dry leaves from field samples were processed in a Wylie Mill and a sub sample 
was taken for nitrogen analysis. Nitrogen analysis was performed by combustion analysis in 
the Soil Testing Lab at Iowa State University. 
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Seed samples were oven dried and ground to powder with mortar and pestle (Paek et 
al., 2000). Seed oil content was measured by hexane extraction of 60 mg of ground seed. 
Each seed sample was extracted four times, the extracts pooled, and the solvent evaporated at 
40°C. The residual oil was then weighed. 
Seed nitrogen content was analyzed by the micro-Kjeldahl method. Ground seed 
samples were extracted in 240 g/kg trichloroacetic acid solution to remove the soluble 
nitrogen. The soluble nitrogen from non-protein sources and the nitrogen remaining in the 
pellet representing seed protein nitrogen were analyzed separately. Protein and non protein 
nitrogen were summed to give the total nitrogen content of the seeds. 
Starch analysis of the seeds was performed after first washing the ground sample with 
800 g/kg ethanol to remove soluble sugars. The washed samples were air dried to remove 
residual ethanol and autoc 1 awed to inactivate enzymes. The dry samples were enzyme 
processed with 0.25 mg amyloglucosidase (Sigma A- 7420) in 1.5 mL O.1M citrate buffer to 
digest starch into glucose. The glucose was diluted with water and 50 uL of sample and 200 
uL of a working reagent composed of glucose oxidase, horseradish peroxidase, and o- 
dianisidine in tris-phosphate-glycerol buffer were placed in 96 well plates and incubated at 
37°C for 30 minutes. The samples were then treated with 50 uL of concentrated HCL; the 
glucose in the samples was quantified spectrophotometrically against a glucose standard 
curve. 
Statistical analysis was performed using the SAS v. 8 systems (SAS 2000). Data are 
presented as means +/- standard error. Seed component data are presented on a dry weight 
basis. 
40 
Results and Discussion 
Weather conditions differed markedly for the two years of study (Fig. 1). The 
2000 growing season was warmer than normal, especially for the April and May planting 
dates. Temperatures during May were up to 10°C higher than average. The higher than 
average temperatures prevalent during May accumulated growing degree units rapidly for the 
first and second plantings. From day 140 to day 160, the beginning of the growing season 
2001 was up to 10° cooler than average. The lower than average temperatures during 
seedling development for the April and May plantings resulted in delayed advancement of 
growth stages. 
Precipitation was limited early in the 2000 growing season, with only two 
precipitation events exceeding lcm between day 100 and day 150. These low rainfall event 
totals during vegetative growth in mid to late summer 2000 could have contributed to 
reduced yield potential. There were only two rainfall events over 1 cm after Julian day 200 in 
2000 (Fig. 1). According to Bowers et al. (2000), rainfall events late in the growing season, 
during seed fill, can have a significant impact upon seed yield. The accelerated senescence of 
leaves by the plants in likely reflects the lack of significant rainfall, especially during later 
stages of reproductive development. The 2001 growing season was marked with higher 
levels of precipitation compared to the 2000 growing season. In 2001 there were 3 well-
spaced rainfall events over 1 cm during the seed set and filling period of Julian day 200 and 
250, and two other rainfall events that were just under 1 cm (Fig 1). The divergent rainfall 
patterns in 2000 and 2001 raised the potential for markedly different seed component levels 
across years. Water stress during the seed filling period can limit the photosynthetic activity 
of the plant, and the accumulation of photosynthates (Bewley and Black, 1994). The 2000 
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soybeans, with a lower level of rainfall to utilize, faced a potential critical shortage of 
photosynthate for seed fill. This shortage could have lead to large differences in nitrogen and 
carbohydrate supply to the seed, which are key determinants of seed composition. 
Seed Dry Weight Accumulation and Yield 
The rate of dry weight accumulation by seeds was quite constant across varieties, 
planting dates, and weather conditions (Figure 2). The initiation of dry matter accumulation 
in the June 2000 planting, however, was accelerated compared to the April and May planting 
dates of that year. Conversely, the accumulation of seed dry matter in the Apri12001 planting 
date was delayed relative to the May and June 2001 planting dates. This timing of initiation 
reflects growth patterns of the plant as influenced by early season weather conditions. In both 
2000 and 2001, final seed dry weight was similar, regardless of the impact of planting date or 
the year of study. These results confirm earlier studies showing the maximum dry weight 
accumulated in the seed and the seed growth rate are highly regulated by the seed, and are 
maintained at the expense of plant vegetative dry matter (Salado-Navarro et al., 1986). 
Temperatures in May 2000 were higher than average, providing more growing degree 
units per day for accelerated plant development in the April and May plantings. June 2000 
planted soybeans were not exposed to these conditions, and could not accelerate plant 
development to match the performance of the April and May plantings. May of 200 1 was 
noted for below normal temperatures and slower growing degree unit accumulation. This 
delayed the development of the April and May planted soybeans, as compared to the June 
2001 planting. 
42 
The flowering dates varied with planting date (Table 1). Delaying planting from late 
April to early June delayed flowering of the plants by approximately twenty days in 2000 and 
2001. The size of the plant at the initiation of flowering was influenced by the early season 
growth conditions (Fig 9). The leaf area available to the plant for photosynthesis can be a 
significant factor in the ability of the plant to maintain a large seed population and fill them 
to maturity. Restriction of leaf area early in the reproductive stages R1 to RS can have a 
significant impact upon the ability of the plant to set and maintain pods and seeds (Board and 
Harville, 1998). Maximum leaf area accumulation and the rate of accumulation after Rl for 
the 2000 growing season was lower than in 2001. This variation in leaf area, however, did 
not affect the individual seed weight of the mature seeds (Figure 2). 
Plant Leaf Area and Nitrogen Content 
Leaf area index (LAI) is an indirect indicator of canopy yield potential. High LAI 
allows for maximum light interception, which is critical to supplying photosynthate in source 
limited crops like soybeans. Low LAI levels are an indicator of stressful growing conditions. 
The 2000 growing season had higher temperatures and lower rainfall than in 2001. The lower 
LAI values in 2000 reflect the stress these conditions imposed on plant development (Fig 9). 
Maximum leaf area for soybeans planted in April tended to be lower than leaf area for other 
planting dates in 2001, possibly indicating stressful conditions relative to other planting 
dates. 
The green leaves of the plant serve as one of the nitrogen pools available for 
translocation to the developing seeds. The nitrogen in the leaves at any point in time is a 
small percentage of the nitrogen accumulated over the life of the plant. But in combination 
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with the concurrent uptake of nitrogen and N2 fixation, remobilization of leaf N is critical to 
seed protein development (Kumudini et al., 2002). High LAI provides greater volumes of 
nitrogen for remobilization to the seed late in the seed filling period. As such, maximizing 
LAI at stage RS is a reasonable strategy for increasing the nitrogen available to the seeds 
(Loberg et al., 1984). 
Within a growing season, nitrogen content of soybean leaves from different cultivars 
displayed similar nitrogen contents during seed fill (Fig. 5). Planting date also caused little 
variation in the pattern of nitrogen content during seed fill. Nitrogen content decreased from 
approximately 5% of dry weight at Rl to 0% as the leaves are shed and no longer provided 
nitrogen for translocation. The nitrogen concentration of the leaves was similar to that 
observed by Hanway et al., (1984). 
There was a difference in leaf nitrogen content between years for each genotype. 
Peak nitrogen content was higher in 2001 than in 2000 for each genotype, and that nitrogen 
content decreased at a faster rate in 2000 than in 2001 for the June planting date (Fig 5). This 
result is consistent with previous studies in which higher leaf nitrogen content has been 
associated with extended leaf retention in soybean (Shibles and Sandberg, 1998). Leaf 
retention has been associated with increased yields, as soybean breeding efforts have 
progressed throughout the last half of the 20th century (Kumudini et al., 2001). The highest 
yields in our study were produced in the 2001 growing season, where LAI and leaf nitrogen 
concentration were maintained later in the season than 2000. 
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Date of Planting Effects on Seed Nitrogen 
Protein is one of the primary products of soybean seed. The timing of pod initiation 
and fill, even for pods on the same plant, has a significant impact upon the mature seed 
protein content (Gbikpi and Crookston, 1981). High temperatures and drought conditions 
during seed fill can also increase seed protein content (Dornbos and Mullen, 1992). 
Conversely, low temperatures during seed fill reduce seed nitrogen content (Vollman et al., 
2000). Our experiment focuses on the use of planting date to achieve these same effects. In 
the 2001 growing season, favorable weather did not limit plant growth or the length of the 
growing season. Early planted soybeans had lower final seed protein nitrogen content than 
later planted soybeans (Figure 3). This effect was less pronounced in the 2000 growing 
season. The seed protein nitrogen accumulated until the seed reached maturity in 2001. The 
maximum nitrogen fixation rate of the plant occurs at stage RS (Imsande, 1998). The rate of 
nitrogen accumulation in the seed begins to decrease at stage RS (Fig 3). Protein nitrogen 
concentration leveled out in the 2000 growing season approximately 20 days before the seed 
reached maturity. Seed protein nitrogen accumulation in 2000 achieved maximum levels at 
an earlier calendar date than in 2001 (Fig 3). The change in late season resource partitioning 
in the seed maybe due to several factors. Leaf nitrogen in the plant decreased faster in 2000 
than in 2001 (Figure 5). The soybean is noted for premature mobilization of carbon and 
nitrogen from the leaves to the seed (Imsande 1992). Nitrogen fixing nodules on the roots are 
loosing activity late in the plant life cycle. Lower leaf area per plant may restrict the amount 
of photosynthate exported to root nodules for use by nitrogen fixing rhizobia. Leaf 
senescence accelerated by water and temperature stress may have caused leaf loss before all 
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potentially reclaimable nitrogen could be exported from the leaves. Based on the pattern of 
leaf n remobilization and leaf loss, a combination of these factors most likely occurred in 
2000. 
Non-protein nitrogen concentration decreases rapidly during seed development (Fig. 
4). The source of this nitrogen includes DNA, RNA, cellular metabolites, and products of 
secondary metabolism. The total amount ofnon-protein nitrogen increases linearly with the 
increase in seed dry weight (Bewley and Black, 1994). Seeds extracted soon after pollination 
(approximately 2 mm long) have total nitrogen contents of 6.5% to 7.0% (Fig 5). This high 
non-protein nitrogen reflects the fact that seeds early in development are undergoing cellular 
division prior to seed fill. This concentration decreases to approximately 0. S % as the seed 
begins development and rapid cellular expansion occurs. As seeds approach maturity and 
loose chlorophyll and metabolic activity, non-protein nitrogen decreases to undetectable 
levels. 
There are distinct genotype differences in total seed nitrogen accumulation that can be 
observed in both growing seasons (Fig 5). IA 2034, a high protein tofu-type bean 
accumulated seed nitrogen for a longer period of time than did the other genotypes. Nitrogen 
accumulation continued until seed maturity in both the 2000 and 2001 growing season. IA 
2038 and PB 2120 do not exhibit this strong tendency to increase nitrogen concentration in 
their seeds late in the filling period. Data from Nakasathien et al. (2000) confirms that high 
nitrogen supplies can result in high total seed protein. There were some planting dates that 
had an increase in seed nitrogen, while other planting dates did not. Planting dates utilizing 
these lower protein seeds that did exhibit high protein content continued to accumulate 
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nitrogen late in the filling period until maturity. Identifying methods of encouraging this late 
season nitrogen accumulation may be a key to increasing protein content. 
Weather is a primary factor impacting nitrogen accumulation rate and final nitrogen 
content of the seed. The 2000 growing season was noted for its low precipitation levels and 
high temperatures late in the seed-filling period. The 2000 growing season had more 
moderate temperatures and higher rainfall conditions. The increase in percent protein within 
the seed during the 2000 growing season in general ceased sooner in the growing season than 
in the 2001 growing season for all three genotypes (Fig. 3). The rate of total seed nitrogen 
accumulation in the 2000 growing season in general was much lower than the rate in the 
2001 growing season for all three genotypes. The June planting caused all varieties to 
accumulate the least seed nitrogen of all planting dates in 2000. These concentration 
differences observed for different planting dates indicate changes in assimilate partitioning 
within the seed are related to weather conditions during seed fill. 
The seed oil content varied with year, planting date, and variety (Table 2). Seed oil 
content was generally lower in 2000 than in 2001 (Fig 7). Within the 2000 growing season, 
the June planting date consistently gave a higher oil content early in seed development but 
final values were similar for all three planting dates. Oil concentration increased rapidly in 
the middle of the seed fill period, and ceased approximately 20 days before the seeds reached 
maturity (Fig. 7). This is in agreement with seed oil accumulation data collected by Sugimoto 
et al., (1998). Most fatty acids in soybean are accumulated between reproductive stages RS to 
R6 (Dornbos and McDonald, 1986). Planting date has an effect on the fatty acids 
accumulated in the seed, and this response is largely due to the temperature conditions 
approximately 20 days before maturity (Wilcox and Cavins, 1992). The increase in oil 
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concentration for June planted seeds was more rapid than for the April and May planting 
dates in the study. Comparison of the June 2000 and 2001 planting dates reveals that oil 
concentration had ceased nearly 15 days sooner in the June 2000 planting date. 
The genotype differences in oil content are quite apparent (Fig. 7). IA 2034 had 
lower final oil content compared to IA 2038 and PB 2120. The timing of oil addition was the 
same for all genotypes within each year. Decreases in seed oil content late in the season are 
due to additional seed dry weight increases after oil production in the seed is slowing. 
Legume seeds generally contain little starch at maturity. Starch is found in the 
developing seed. Starch that accumulates in the developing seed is thought to be a pool for 
carbon entering into the seed that is not currently subject to metabolic demands of the seed 
(Bewley and Black, 1994). This pool is accessible to the seed during periods of high demand; 
such as rapid growth or lack of concurrent assimilate flow from the leaves. It is also valuable 
because it is osmotically inert, unlike sugars. All genotypes achieved maximum starch 
content of approximately 8 to 10% (Fig 8) in the seed during the middle of seed fill. This is 
in agreement with the starch accumulation behavior of oleogenic seeds (Bewley and Black, 
1994). Starch content was higher early in seed fill in 2000 than in 2001. Starch content also 
reached its peak in 2000 sooner in the year than in 2001. This maybe due to accelerated seed 
development in 2000 caused by water and temperature stress. After peak starch content is 
attained, the seed matures and starch content decreases to undetectable levels. Most of this 
starch is thought to be converted into oil and protein (Bewley and Black, 1994). 
Conclusion 
Plant variety is the most important factor determining the accumulation of oil and 
48 
protein in the soybean seed. This management factor fits easily within the planning strategies 
of today's soybean producer. Managing a lower protein variety to produce for high protein 
seeds will not be as effective or reliable as selecting the proper genetics initially. Proper 
variety selection, however, does not discount the potential impact of planting date or weather 
on the final oil and protein content of the seed. 
Seed protein and oil content are generally considered to be inversely proportional. 
That is, increases in final protein content usually are accompanied by decreases in oil 
content. Managing for the desired ratio of seed components can be as simple as selection of 
the proper variety. Our data, however, indicate that the two process of protein and oil 
accumulation do not occur concurrently. Maximum oil content (% of dry weight) was 
achieved approximately 30 days before the seed reached maturity. Protein content (% of dry 
weight), on the other hand continued until maturity. If the goal of the producer is to harvest 
soybeans with high protein content, delayed planting does increase the %protein early in 
seed development and increases the final protein content. The caveat is that plant 
assimilatory capacity must be maintained late in the filling period to support the continued 
assimilation of nitrogen by the seed. Agronomic strategies, such as late season irrigation, 
designed to maintain high photosynthesis and seed metabolism would be of benefit in this 
situation. 
A soybean producer can use this information to reach the goals of his or her particular 
production system, whether that be to deliver commodity soybeans or soybeans with special 
traits, such as high protein content. The maximum amount of protein and oil produced per 
acre and their concentration can also be managed as grain marketing begins to provide 
additional incentives to producers for seeds containing improved compositional traits. 
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Significant Growth Stage Julian Dates 
2000 R1 R3 RS R7 
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Table 1. Julian Date of Significant Reproductive Stages. Values represent the average day 
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Figure 5. Nitrogen content of green soybean leaves during reproductive growth stages. Data 
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Figure 6. Total seed nitrogen concentration during seed fill. Nitrogen content was determined 
by micro-Kj eldahl analysis of oven dry soybean. Data presented are mean for all samples 
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Figure 7. Seed Oil Accumulation. Oil content was measured using hexane extraction of oil 
from oven dry seeds. Data presented are average and standard error of three reps presented 
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Figure 8. Seed starch accumulation patterns for 2000-2001. Starch was extracted from oven 
dry seed samples washed to remove soluble sugars. Starch content was analyzed using 
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Figure 9. Leaf Area Index (LAI) accumulation and duration during the 2000-2001 growing 
season. Leaf area was measured using green leaves collected from .76m2 of experimental rep 
area. Data presented are mean and standard error of 3 reps. 
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ANOVA Table for Mature Seed Oil Content (% Dry Weight) 
Source DF 
Model 17 
Error 3 3 
Corrected Total 50 
Source DF 
year 
planting date 2 
year*planting date 2 
variety 2 
year*variety 2 








Mean Square F Value Pr > F 
4.80407151 23.53 <.0001 
0.20414141 








0.64389774 3.15 0.0850 
0.51469034 2.52 0.0957 
5.46060752 26.75 <.0001 
33.77180236 165.43 <.0001 
0.443 82201 2.17 0.1297 
0.08611954 0.42 0.7917 
0.07474883 0.37 0.8309 
Table 2. Experimental effects upon mature seed oil content 
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Abstract 
The CROPGRO modeling program is a versatile computer tool that allows users to 
simulate the growth and yield of a wide variety of grass and legume crops founded upon the 
basic principals of plant biomass accumulation and partitioning. A general set of cultivar 
coefficients for soybeans (glycine Max L.) is available, but accurate simulations typically 
requires calibration for locally-adapted varieties and unique growing conditions. Our 
objective was to determine the detail of calibration required to minimize RMSE values for 
simulated grain weight, biomass, and harvest index for a range of planting dates and plant 
phenotypes typical for central Iowa. The data used for model calibration were collected 
during the 2000 and 2001 growing seasons. Three planting dates in late April, mid May, and 
early June were selected to encompass the range for commercial planting in central Iowa. 
Three locally adapted cultivars were utilized to provide a range of plant biomass, seed size, 
and seed composition. The initial model simulation was conducted using cultivar coefficients 
supplied with the model to simulate soybean growth during the 2001 growing season. The 
second set of simulations was conducted using cultivar coefficients that were calibrated to 
the May 2001 planting of each genotype, and applied to all three planting dates in 2001. The 
third set of cultivar coefficients was generated to simulate each cultivar and planting date in 
the 2001 growing season as accurately as possible. These cultivar coefficients were then 
applied to each corresponding cultivar and planting date in the 2000 growing season. Finally, 
a set of cultivar coefficients was generated for each cultivar and planting date in the 2000 
growing season. We found that the most accurate yield simulations occurred for early 
planting dates and weather conditions favorable for plant growth. Accurate calibration for 
yield, biomass, and harvest index do not necessarily provide accurate simulation of leaf area, 
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yield components, or seed composition. Calibration for each cultivar and planting date in a 
growing season, however, was necessary to minimize RMSE values for biomass, harvest 
index, and yield. These results indicate that review of the underlying functions of the model 
that control model response to weather conditions, especially temperature, is warranted 
Introduction 
Crop modeling has proven important in two agricultural applications. 
Marketing agencies gauge the size of a potential crop and the importance of large-scale 
agricultural events, such as delayed planting due to rain or the impact of higher than normal 
temperatures on yield trends. University personnel can select crops to grow in areas where 
they have not been grown before. These applications utilize crop models to simulate general 
trends in crop growth behavior over large areas. One such model, CROPGRO-Soybean, has 
successfully simulated soybean growth in the southern U.S. (Mavromatis et al, 2002). 
Applying a crop simulation model based upon general conditions and agricultural conditions 
in one area and employing it in another area will not result in highly accurate results unless it 
is adapted to those conditions (Gijsman et al, 2002). In order for this software developed in 
the southern United States to be useful to Iowa agriculturalists, the model needs to be 
accurate for use on small surface areas of less than field size with specific varieties of 
soybeans commonly cultivated in Iowa. Simulation of soybean growth in central Iowa on .2- 
hectare plots has already been shown to be accurate (Paz et al, 1998). Our experiment is 
designed to collect accurate data upon small surface areas for specific cultivars and several 
different planting dates, and incorporate these data into the CROPGRO crop-modeling 
program. Several different procedures were then followed to calibrate the model for the most 
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accurate results possible using the guidelines published by Hunt and Boote (1998). 
Materials and Methods 
Three soybean cultivars were selected for these trials, based upon their varying seed 
and plant characteristics. IA 2034 is a tall tofu-type variety that produces large seeds with 
high protein content. IA 203 8 is a medium-tall variety that produces medium sized seeds 
with moderate seed protein and oil content. PB 2120 is a shorter variety that produces smaller 
seeds with protein and oil content typical of soybeans grown in Iowa. All experiments were 
conducted at the Bruner Farm near Ames, Iowa. The three planting dates in 2000 were 27 
April, 11 May, and 6 June. In 2001,. the planting dates were 28 April, 14 May, and 8 June. 
These planting dates were selected to represent the range of agronomically acceptable 
planting dates in Iowa. Plot size was 15.25 m of four rows on 0.76m spacing between rows. 
Each planting was replicated 3 times, utilizing a randomized block design. Fertility was 
maintained at Iowa State University recommended levels and pests controlled using standard 
agronomic practices. 
Plant biomass samples were collected on a weekly basis from emergence until plant 
growth stage Rl, and on a hi-weekly basis thereafter. The whole plant samples were collected 
from 0.76m2 of the center two rows of each plot and transported to the lab in humidifted 
refrigerated containers and partitioned into stems, leaves, pods, and seeds. Leaf area 
measurements were taken on the green leaves of each biomass sample. Seeds were extracted 
from pods as soon as they were visible to the naked eye, when approximately one millimeter 
in length. Plant sub-parts were dried in circulating air oven at 70° C for 48 hours and 
weighed. Biomass data were calculated by totaling the oven dry weights of all above ground 
p 
lant parts. Yield data were collected by hand harvesting a 4.62 m2 section of two rows, and 
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mechanically threshing the plants. Harvest index was calculated by dividing seed dry weight 
by total above ground biomass dry weight. 
Weather data were collected from the Agronomy Farm weather station 3 km west of 
the research plots. 
The data were input into the DSSAT version 3.5 software package (IBSNAT, 
1994). The 2001 growing season had the most favorable growing conditions, and was 
selected for initial calibration of the model. The common sowing date of mid-May was the 
initial planting date calibrated. The first step in our strategy was to run model simulations 
using the generic maturity group 2 cultivar parameters that distributed with the program and 
recently published cultivar coefficients that have been used for soybeans grown in central 
Iowa (Boote et al., 2003). The second step in our strategy was to recalibrate the model 
following the Hunt and Boote (1998) procedure using the mid-May 2001 planting date. This 
approach generated a new set of cultivar coefficients for each cultivar, which were applied to 
all three planting dates in the 2001 growing season. Calibration of the model for this 
combination of planting date and cultivar was considered finished when the RMSE values for 
grain weight, biomass, and harvest index were minimized. The third step in our strategy was 
to recalibrate for each individual cultivar and planting date in the 2001 growing season, again 
minimizing RMSE values for grain weight, biomass, and harvest index. This approach 
generated nine sets of coefficients for the 2001 planting date x cultivar treatments. These 
cultivar coefficients were then applied to the data collected during the 2000 growing season 
using the same planting dates and varieties. The need for fine-scale individual calibration sets 
for each year, planting date, and variety, as opposed to less intensive general cultivar 
calibration sets was assessed from the R:MSE values calculated for simulated vs. measured 
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data. A final set of cultivar coefficients was generated for each planting date x cultivar 
combination to minimize SSE values for grain weight, biomass, and harvest index. 
Model calibration was accomplished using the procedure outlined by Hunt and Boote (1998). 
The proper crop species and plant maturity were selected from the ecotype file supplied with 
the program. Next, the coefficients in the cultivar file are adjusted to model the accumulation 
of total plant biomass accurately. Leaf area index simulation was calibrated to match field 
data. The coefficients used in the calibration of total biomass were the LFMAX and SLA VR 
coefficients. After the total accumulation of biomass by the plant was accurately simulated, 
the allocation of that biomass was calibrated. The calendar date of simulated flowering was 
adjusted using CSDL, and the time from flowering to first pod set is calibrated by adjusting 
FL-PD. The timing of seed fill initiation in the pods was adjusted with the FL-SEED 
coefficient. The partitioning of biomass to the seeds was calibrated with the XFRT 
coefficient. The time to accumulate the total number of pods to be filled was controlled by 
the PODUR value. Seed growth in the pod and the number of seeds produced by the plant 
was controlled with the SFDUR function. The last step in the procedure is to adjust the 
individual seed mature weight with the WTPSD coefficient. These steps are listed in the 
`chronological order' in which they should be performed. In our experience, how ever, 
adjustment of coefficients has had an effect on previously adjusted coefficients. Changing the 
values for flowering date with CSDL impacted maximum biomass accumulation set 
previously with LFMAX and CSDL. Therefore, it was necessary to modify the calibration 
procedure to adjust biomass and partitioning coefficients interactively to simulate total 
biomass, yield, and harvest index simultaneously. The progress of calibration was evaluated 
by visual comparison of simulated and measured data using the Wingraph graphing program 
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included in the software package. Success of the calibration procedure was determined by 
minimizing the Root Mean Square Error (RMSE) between measured and simulated values 
for biomass, grain yield, and harvest index. 
Results and Discussion 
The CROPGRO modeling software included in the DSSAT program has been 
developed and used for over 25 years (Uehara and Tsuji, 1998). The model simulations have 
proven to be quite accurate when used over large land areas and moderate weather 
conditions. Future applications of this model for soybean management may involve small 
area management of specific field regions that are managed individually (Paz et al., 2001). 
Reliable crop modeling software that is able to adapt to small areas and different soybean 
cultivars will be necessary. Soybean varieties with unique characteristics maybe used in 
different areas of the field in order to maximize yield (Seidl et al., 2001). The model must be 
able to simulate the growth of these different varieties in order to generate accurate planting 
plans. 
The CROPGRO model concept is based upon the fixation of carbon by 
photosynthesis and the subsequent allocation of that carbon to the various subunits of the 
plant based upon the regimented demand for that carbon. For partitioning functions of the 
model to operate accurately, the total biomass accumulated by the plant community must be 
simulated accurately. The output parameters selected for analysis in this experiment included 
the total above ground biomass, grain weight, and harvest index for the entire growing 
season. Other calibration efforts have focused on final grain yield and maturity date 
(Mavromatis et al., 2002), while not taking into account in seasonal variation in biomass 
accumulation and harvest index. Simulated results were compared to data collected in the 
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field using Root Mean Square Error (RMSE). Experience with this data set and analytical 
method has shown that RMSE values of approximately 450 for biomass, 250 for grain 
weight, and .OS for harvest index are acceptable values. Our strategy was to determine how 
detailed a calibration scheme was necessary to achieve these low RMSE values for Iowa 
cultivars and planting dates. 
The first step in our strategy was to test the utility of published cultivar coefficients 
that have been used recently to simulate soybean growth in central Iowa (Boote et al., 2003). 
Generic cultivar coefficients can be used in modeling efforts with little modification (Shen, 
1998). These cultivar coefficient values were combined with values provided in the model 
for Group II soybeans. 
When the model was used with the generic coefficients and the results compared to 
the 2001 field data, grain weight was under-simulated. This grain weight under-simulation 
grew more severe as grain weight increased (Fig. 1). RMSE values over 1000 for biomass 
and 600 for grain weight were common (Table 1). The model simulation of the measured 
field data did not fall within the acceptable parameters that have been set forth in this study. 
Biomass was over-estimated, and grain weight was under-estimated for IA 2038 and PB 
2120 (Fig. 1). These high values lead us to the conclusion additional calibration was required 
to achieve proper model operation. 
The second step was to generate a set of coefficients for each cultivar that could be used 
across the range of planting dates encompassed in this experiment. A set of cultivar 
coefficients for each cultivar based upon the May 2001 planting date was generated using the 
procedure reported by Hunt (1998). The May planting in 2001 was selected as the best 
combination of weather conditions and growing season length. Field data used in the 
~o 
generation of these cultivar coefficients included detailed growth stage data, and plant and 
grain weight accumulation data. This degree of developmental detail has not been utilized in 
previous efforts to generate cultivar coefficients for Iowa conditions, due to the time and 
expense of collecting these data (Mavromatis et al., 2001). These cultivar coefficients for the 
May 2001 planting were applied in model simulations to all of the planting dates for each 
cultivar in the 2001 growing season. Biomass, grain weight, and harvest index simulated 
results were now closer to measured values (Fig. 2). The RMSE of 45 S for biomass, 215 for 
grain weight, and .019 for harvest index indicate a much more accurate model simulation for 
the May 2001 planting of variety IA 2038 (Table 3). The performance of the model for other 
planting dates using IA 203 8 coefficients is not always reliable. Model simulation for the 
April planting generated RMSE values of 353 for biomass, 259 for seed weight, and .0256 
for harvest index, which are quite good. The IA 203 8 cultivar coefficient set, however, did 
not perform as well when used in the June planting date, giving a RMSE of 944 for biomass. 
The grain weight RMSE of 232 and harvest index RMSE of .0365 were within acceptable 
limits. Results for the other two cultivars were similar. The May 2001 planting date was 
accurately simulated, but model simulation was not reliable for earlier planting dates (Table 
3). These results show that individual planting date-cultivar calibrations were needed for 
optimal model performance. Modeling efforts focusing on the use of specific cultivars 
require the use of cultivar coefficients specific to each cultivar. 
Individual sets of calibration coefficients subsequently were generated for each 
cultivar and planting date in the 2001 growing season (Table 1). The model simulation of 
field data using 9 individual calibration coefficients markedly improved performance for the 
April and June planting for each cultivar (Fig 3). RMSE values for the April 2001 simulation 
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now were all well within acceptable parameters (Table 4). The performance of the June 2001 
calibration coefficients was also acceptable, except for IA 203 8. Biomass simulation for this 
cultivar was outside of the acceptable parameters, with an RMSE of 520. The performance of 
the June 2001 calibration coefficients was also acceptable, except for IA 203 8. Biomass 
simulation for this cultivar was outside of the acceptable parameters, with an RMSE of 520. 
The next step in testing the need for cultivar and planting date specific cultivar 
coefficients was to simulate crop growth in the 2000 growing season with the cultivar 
coefficients generated for each cultivar and planting date in 2001. Plant biomass, yield, and 
harvest index were collected on the same cultivars using similar planting dates, in an 
adjoining field were also collected in 2000. The only major variable that differed between the 
years was the weather conditions. 
Model simulations using cultivar coefficients calibrated for individual planting date 
and variety combinations in 2001 did not produce acceptable results. RMSE values for 2000 
growing season biomass, harvest index, and yield were not within acceptable values (Figure 
4). RMSE values for biomass were over 1000 in several instances, and grain weight RMSE 
exceeded 550 (Table 5). There were a few planting date-cultivar combinations that provided 
acceptable results. The April planting of IA 203 8 gave excellent results with RMSE values 
of243 for biomass, 25 8 for grain weight, and .OS 8 8 for harvest index (Table 5). One accurate 
result out of nine combinations, however, is not sufficient. In our experience, cultivar 
coefficients tuned for a planting date-cultivar combination in one year did not provide 
accurate growth simulation of that same cultivar in another year. 
For the fourth and most intense calibration activity, a new set of cultivar coefficients 
was generated for each of nine cultivar x planting date treatments in the 2000 growing 
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season. As in the 2001 growing season, a unique set of coefficients was generated for each 
cultivar and planting date combination. Using calibration coefficients for individual cultivar- 
planting date combinations resulted in highly accurate model performance in the 2000 
growing season (Fig. 6). Most RMSE values were well below the established threshold of 
acceptable performance (Table 6). The accuracy restored to the simulation of the 2000 data 
demonstrate the need for individual calibration of the cultivar coefficients used in the model 
for each growing season. 
The values used for some of the cultivar coefficients might be questionable on a 
physiological basis. The optimal calibration coefficients for 2000 and 2001 have different 
flowering response values. Flowering to seed set coefficients (FLSD)( Glossary 1) for 
example was reduced in the 2000-growing season to match the initiation of grain weight 
accumulation and timing of peak biomass accumulation. Theoretically these values should be 
fixed by the genetics of the plant and should not vary by year. Adjusting this factor to 
account for the effect of planting date or year implies that the model is not simulating 
accurately the plant response to temperature or day length early in the growing season. 
Within each year, there were adjustments to SLAVR (Glossary 1) values for each 
planting date to simulate total biomass production accurately. In practice, values for SLAVR 
did not represent measured surface area of individual leaves, but were treated as a `tuning 
factor' adjusted as needed for each biomass simulation. Genotype coefficients that can be 
derived from actual plant measurements and input directly for model calibration should be 
pursued. 
Many of the adjustments made to the model recently have focused on the temperature 
response thresholds of physiological processes. Soil temperature simulation has been 
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identified as an area of improvement for the current versions of the model (Andales et al., 
2000). 
Other processes, such as nitrogen accumulation and remobilization are temperature 
dependant in the model (Sexton et al., 1998). Paz et al. (2001) employed the CROPGRO 
model for Iowa conditions calibrated cultivar coefficients using the data set that was also 
being analyzed in the experiment (Paz et al., 2001). Their studies indicate that accurate 
estimation of soil water content was critical for accurate modeling of crop plants. Water 
stress was in fact found to be the greatest limiting factor for grain yield (Paz et al., 1998). 
The Iowa soil and drainage topography is highly variable in soil texture and water table depth 
over short distances as a result of natural and man made factors. These confounding factors 
make it difficult to simulate yield of small areas accurately. Water stress changes to plant 
maturity need to be improved (Ruiz and Nogueira, 2001). 
In conclusion, the intensity of model calibration that must be performed is dependant 
upon the requirements of the user. Crop modeling simulation covering large surface areas 
and a range of cultivars do not require intense calibration. For modeling efforts focused on 
small land areas using specific cultivars, planting dates, and weather conditions, intense 
calibration provides the most accurate results. 
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CSDL =Critical Short Day Length below which reproductive development progresses with 
no daylength effect (hour) 
PPSEN =Slope of the relative response of development to photoperiod with time (1lhour) 
EM-FL =Time between plant emergence and flower appearance (R1) (photothermal days) 
FL-SH =Time between first flower and first pod (R3) (photothermal days) 
FL-SD =Time between first flower and first seed (RS) (photothermal days) 
SD-PM =Time between first seed (RS) and physiological maturity (R7) (photothermal days) 
FL-LF =Time between first flower (Rl) and end of leaf expansion (photothermal days) 
LFMAX =Maximum leaf photosynthesis rate at 30 C, 350 vpm CO2, and high light (mg 
CO2/m2-s) 
SLAVR =Specific leaf area of cultivar under standard growth conditions (cm2/g) 
SIZLF =Maximum size of full leaf (three leaflets) (cm2) 
XFRT =Maximum fraction of daily growth that is partitioned to seed +shell 
WTPSD = Ma~cimum weight per seed (g) 
SFDUR =Average seed per pod under standard growing conditions (#/pod) 

















LFMAX SLAVR SIZLF XFRT WTPSD SFDUR 
Step 1 Published 13.59 0.249 17.4 6.0 13.5 33.00 26.00 1.030 375 180.0 1.00 0.19 0.23 
May 2001 IA 
2034 13.5 0.267 18.5 7.0 12 33.00 19.00 1.250 490 210.0 0.80 0.25 0.3 
May 2001 IA 
Step 2 2038 13.5 0.267 15.5 8.0 13 33.00 18.00 0.680 490 210.0 0.95 0.25 0.3 
May 2001 
PB2120 13.59 0.267 15.5 7.0 12.5 33.00 23.00 0.650 490 200.0 0.80 0.25 0.3 
Apri12001 IA 
2034 13.5 0.267 18.5 7.0 12 33.00 19.00 0.820 450 210.0 0.95 0.25 0.3 
Apri12001 IA 
2038 13.5 0.267 15.5 8.0 13 33.00 18.00 0.625 490 210.0 1.00 0.25 0.3 
Apri12001 
PB2120 13.59 0.267 15.5 7.0 12.5 33.00 23.00 0.550 520 200.0 1.00 0.25 0.3 
May 2001 IA 
2034 13.5 0.267 18.5 7.0 12 33.00 19.00 1.250 490 210.0 0.80 0.25 0.3 
May 2001 IA 
Step 3 2038 13.5 0.267 15.5 8.0 13 33.00 18.00 0.680 490 210.0 0.95 0.25 0.3 
May 2001 
PB2120 13.59 0.267 15.5 7.0 12.5 33.00 23.00 0.650 490 200.0 0.80 0.25 0.3 
June 2001 IA 
2034 13.5 0.267 18.5 7.0 12 33.00 19.00 0.800 500 210.0 0.94 0.25 0.3 
June 2001 IA 
2038 13.5 0.267 15.5 8.0 13 33.00 18.00 0.900 550 210.0 0.90 0.25 0.3 
June 2001 
PB2120 13.59 0.267 15.5 7.0 12.5 33.00 23.00 0.480 550 200.0 0.97 0.25 0.3 
April 2000 IA 
2034 13.5 0.267 18.5 6.0 8 33.00 19.00 0.775 475 210.0 0.90 0.25 0.3 
April 2000 IA 
2038 13.5 0.267 15.5 7.0 9 33.00 18.00 0.750 510 210.0 0.95 0.25 0.3 
April 2000 
PB2120 13.59 0.267 15.5 6.0 8.5 33.00 23.00 0.490 520 200.0 0.95 0.25 0.3 
May 2000 IA 
2034 13.5 0.267 18.5 6.0 8 25.00 19.00 0.999 475 210.0 0.90 0.25 0.3 
May 2000 IA 
Step 4 2038 13.5 0.267 15.5 7.0 9 25.00 18.00 0.600 510 210.0 0.95 0.25 0.3 
May 2000 
PB2120 13.59 0.267 15.5 6.0 8.5 30.00 23.00 0.600 520 200.0 0.95 0.25 0.3 
June 2000 IA 
2034 13.5 0.267 18.5 6.0 8 20.00 18.00 1.000 475 210.0 0.90 0.25 0.3 
June 2000 IA 
2038 13.5 0.267 15.5 7.0 9 20.00 17.00 0.600 510 210.0 0.95 0.25 0.3 
June 2000 
PB2120 13.59 0.267 15.5 6.0 8.5 20.00 22.00 0.600 520 200.0 0.95 0.25 0.3 
Table 2. Genotype Calibration Coefficients used to optimize Cropgro performance for 
biomass, grain yield, and harvest index 
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Figure 1. CROPGRO predicted vs Actual results using published genotype coefficients 
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RMSE Table Published Coefficients 
Planting DateCultivar Biomass Grain Weight Harvest Index 
Apr-01 IA 2034 
IA 203 8 
PB 2120 
May-01 IA 2034 
IA 203 8 
PB 2120 
Jun-Ol IA 2034 
IA 203 8 
PB 2120 
227.19 3 5 8.11 0.073 8 
940.67 947.21 0.0955 
1388.59 1176.68 0.0524 
869.46 172.59 0.0628 
931.88 933.04 0.0773 
1301.09 1055.76 0.0616 
1269.48 289.98 0.1184 
514.77 562.50 0.1017 
836.50 900.36 0.0759 
Table 2. Root Mean Square Error of Simulated vs Observed data from the 2001 growing 
season using published cultivar coefficients. 
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IA 2034 Biomass, May 2001 
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Figure 2. CROPGRO Simulated vs Actual results for 2001 using cultivar coefficients 
calibrated to the May 2001 planting of each cultivar. 
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RMSE Table May 2001 Calibration 
Planting Date Cultivar Biomass Grain Weight Harvest Index 






May-01 IA 2034 474.04 
IA 203 8 415.19 
PB 2120 471.91 
Jun-01 IA 203 























Table 3. Root Mean Square Error of Simulated vs Observed data from the 2001 growing 
season using Cultivar coefficients generated for the May 2001 planting of each Cultivar. This 
Cultivar calibration was applied to all of the cultivars and planting dates in the 2001-growing 
season. 
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IA 2034 Biomass, 2001 
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Figure 3. CROPGRO Simulated vs Actual results for 2001 using cultivar coefficients 
calibrated for each cultivar and planting date. 
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Individua12001 Planting 
RMSE Table Date*Variety Calibration 
Planting Date cultivar Biomass Grain Weight Harvest Index 
Apr-01 IA 2034 
IA 203 8 
PB 2120 
May-01 IA 2034 
IA 203 8 
PB 2120 
Jun-01 IA 2034 
IA 203 8 
PB 2120 
199 97 0.0365 
3 06 211 0.065 8 
264 153 0.0083 
474 273 0.0475 
415 255 0.0190 
471 136 0.0357 
3 94 16 5 0.0424 
520 290 0.0492 
4361 235 0.0320 
Table 4. Root Mean Square Error of Simulated vs Observed data from the 2001 growing 
season using cultivar coefficients generated each cultivar and planting date. 
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Figure 4. CROPGRO Simulated vs Actual results for the 2000 Growing Season using 2001 
Individual Cultivar-Planting Date coefficients. 
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Individual 2001 Planting 
RMSE Table Date*Variety Calibration 
Planting Date cultivar Biomass Grain Weight Harvest Index 
Apr-00 IA 2034 1299 617 0.0646 
IA 2038 244 259 0.0588 
PB 2120 12623 516 0.0802 
May-00 IA 2034 1054 648 0.0366 
IA 203 8 1166 727 0.0311 
PB 2120 901 472 0.0566 
Jun-00 IA 2034 753 374 0.0295 
IA 203 8 699 3 89 0.0479 
PB 2120 75 8 43 8 0.0483 
Table 5. Root Mean Square Error of Simulated vs Observed data from the 2000 growing 
season using cultivar coefficients generated each cultivar and planting date in the 2001 
growing season. 
86 
2000 IA 2034 Biomass, 
Individual 2000 Genotype 










0 2000 4000 6000 
Observed biomass 
8000 
2000 IA 2034 Grain Weight, 
Individual 2000 Planting 








0 1000 2000 3000 
Observed 
4000 
2000 IA 2034 Harvest Index, 
Individual 2000 Planting 
Date Genotype Calibration 










2000 IA 2038 Biomass, 
Individual 2000 Planting 























2000 IA 2038 Grain Weight, 
Individual 2000 Planting 






0 500 1000 1500 2000 
Observed 
2000 IA 2038 Harvest Index, 
Individual 2000 Planting 













2000 PB 2120 Biomass, 
Individual 2000 Planting 











0 2000 4000 6000 
Observed 
8000 
2000 PB 2120 Grain Weight, 
Individual 2000 Planting 
Date Genotype Calibration 





~' ~' 1500 
°' 1000 
' 500 ~--, 
0 i; 
0 1000 2000 3000 4000 
Observed 
2000 PB 2120 Harvest 
Index, Individual 2000 
Planting Date Genotype 
Calibration 







Figure 5. CROPGRO Simulated vs Actual results for the 2000 Growing Season using 2000 
Individual Cultivar-Planting Date coefficients. 
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Individual Year*Planting 
SSE Table Date*Variety Calibration 
Planting Date cultivar Biomass Grain Weight Harvest Index 
Apr-00 IA 2034 
IA 203 8 
PB 2120 
May-00 IA 2034 
IA 203 8 
PB 2120 
Jun-00 IA 2034 
IA 203 8 
PB 2120 
78 124 0.0180 
249 71 0.0249 
354 114 0.0302 
423 202 0.03 82 
386 243 0.0245 
348 143 0.0160 
379 36 0.0084 
337 66 0.0392 
374 68 0.0400 
Table 6. Root Mean Square Error of Simulated vs Observed data from the 2000 growing 
season using cultivar coefficients generated each cultivar and planting date in the 2000 
growing season. 
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Chapter 5. General Conclusions 
In the proceeding three chapters my co-authors and I detailed the response of 
soybeans to three planting dates. We discovered that planting date influences the ultimate 
grain yield of a soybean crop. This response is not the same for each genotype, so general 
statements about the impact of planting date on this factor cannot be made. Planting date 
influence oil and protein content of the seed. In general, delayed planting of soybeans results 
in increased protein content and decreased oil content. Date of sowing is only one of three 
factors that influence seed yield and quality. 
The accumulation of protein and oil in the seed is directly influenced by genetics of 
each cultivar. The relative ranking of cultivars for seed oil and protein does not change based 
upon any factors considered in these studies. A high protein genotype grown under 
unfavorable conditions produces more protein than a standard genotype grown under ideal 
conditions. 
The primary factor that influences the growth and yield of soybeans is the weather. 
Weather conditions influence the timing of life cycle events and the potential production of 
the crop. The influence of planting date on the final oil and protein content of the seed can be 
completely masked by the weather conditions during the seed filling period of the plant. Seed 
oil and protein content trends established by planting date can be completely reversed by 
weather conditions. 
The crop simulation model-CROPGRO-Soybean has been used to successfully model 
the biomass accumulation and allocation of soybeans under many different growing 
conditions. Our experience with this software has led us to conclude that further development 
89 
is needed to improve leaf area accumulation and biomass accumulation functions under 
central Iowa conditions. The software requires constant adjustment to coefficients for each 
genotype to achieve high levels of accuracy across planting dates and years. The factors that 
are adjusted are not always reflective of actual plant measurements that are observed in the 
field. Refinement of the factors used in the cultivar file, such as SLAVR and SIZLF, may 
provide a more reliable, robust program for scientific use. 
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Figure 2. Pod addition during reproductive growth during the 2001 growing season 
